
Dhaka Univ. J. Biol. Sci. 25(2): 169-184, 2016 (July) 
 

 16S rRNA SEQUENCE BASED IDENTIFICATION OF PATHOGENIC GUT 
MICROBIOTA OF ROHU LABEO ROHITA (HAMILTON-BUCHANAN 1822) 

AND SILVER CARP HYPOPHTHALMICHTHYS MOLITRIX 
(VALENCIENNES 1844) 

 

NUSRAT JAHAN PUNOM, AKM MAHBUB HASAN1, WAHIDA HAQUE,  
MST KHADIZA BEGUM AND MOHAMMAD SHAMSUR RAHMAN* 

 

Department of Fisheries, Faculty of Biological Sciences, University of Dhaka,  
Dhaka 1000, Bangladesh 

 

Key words: Rohu (Labeo rohita), Silver carp (Hypophthalmichthys molitrix), Pathogenic gut 
microbiota, 16S rRNA sequencing, Antibiogram 

 
Abstract 

 Rohu (Labeo rohita) and Silver carp (Hypophthalmichthys molitrix) are the most 
common, popular and commercially important fish of Bangladesh. Pathogenic 
gastrointestinal bacteria indicate the acceptability or quality hence it influences 
the economic status of these fish. To investigate the pathogenic gastrointestinal 
bacteria of these economically important fish of Bangladesh was carried out. Gut 
microbiota of indigenous Rohu and exotic Silver carp of three different markets 
of Dhaka metropolitan city were studied using various selective agar media, 
classical biochemical tests and 16S rRNA sequencing. Antibiotic susceptibility of 
selected isolates was also carried out against 14 antibiotics. Firstly, 216 colonies 
were differentiated morphologically and among them, 18 isolates were 
characterized by biochemical properties. Finally, the identification of 10 isolates 
were confirmed by sequencing the 16S rRNA gene. Total bacterial count (TBC), 
total Salmonella-Shigella and total Staphylococcal count exhibited significant 
difference (p < 0.05) between the species but not among markets. TBC of Rohu 
samples was 5.27 ± 2.01 × 107 cfu/g and in Silver carp was 3.02 ± 1.42 × 107 cfu/g, 
total Salmonella and Shigella was 6.94 ± 7.15 × 106 cfu/g from Rohu and 1.11 ± 0.97 
× 106 cfu/g from Silver carp. Total Staphylococcal count was found 1.03 ± 0.52 × 
107 cfu/g in Rohu and 5.48 ± 3.98 × 106 cfu/g in Silver carp. Biochemical assays 
provisionally determined 7 different bacterial genera from Rohu and 7 from 
Silver carp. Six different genera of Gram-negative bacteria (4 genera from Rohu 
and 2 from Silver carp) were identified as Aeromonas, Proteus, Pseudomonas, 
Enterobacter, Citrobacter, Klebsiella sp. by 16S rRNA sequencing. The results 
revealed that all the 18 representative isolates including reference strain (E. coli 
DH5α) were sensitive to ciprofloxacin and resistant to sulphamethoxazole. These 
findings might be due to the poor quality of the aqueous environment and 
reflects fish as the potential reservoir of pathogenic bacteria causing fish-borne 
disease outbreaks. 
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Introduction 
 Rohu (Labeo rohita) is a fast growing omnivorous Indian major carp. This diurnal, 
column feeder mostly depends on the planktonic, filamentous algae, aquatic plant leaves, 
phytoplankton, zooplankton and also small insects in a minor amount(1). In Bangladesh, 
Rohu has huge demand as common food fish due to its high palatability and great 
nutritional value. The Silver carp (Hypophthalmichthys molitrix) is a stomach-less, filter-
feeder freshwater cyprinid which feed on both phytoplankton and zooplankton(2). In 
many countries of the world, Silver carp has been introduced as a food fish or a way to 
control plankton populations(3). In 1969, it was introduced in Bangladesh 
(en.banglapedia.org /index.php?title=Exotic_Fish). Among major carps, Rohu provides 
the highest contribution as 10.91% and among 12 exotic fishes, Silver carp also confers 
the highest contribution as 8.79% in the annual fish production of inland water of 
Bangladesh(4). 
 The digestive tract of fish provides a suitable growth environment for 
microorganisms(5). Gut microbiota of fish are ecological community of commensal, 
symbiotic and pathogenic microorganisms that literally share the gastrointestinal tract of 
a fish. The host’s genetic background, life style, feeding habit and selective pressures of 
gut habitats can be regulated by the composition of gut microbiota(6,7). Therefore, it is 
important to understand the pathogenic gut microbiota which would certainly provide 
an insight into their role in fish health in order to improve fish quality or acceptability, 
thereby improving aquaculture. 
 A high density of Vibrio, coliform, fecal Streptococci, Pseudomonas, Aeromonas, 
Brevundimonas, Massilia, Curvibacter, an unclassified Sphingobacteriales genus, Bacillus, 
Enterobacter, Anoxybacillus, Clostridium, Actinomyces, Citrobacter were confirmed by many 
studies which ensure the presence of different pathogenic gut microbiota in Silver     
carp(8-10). Some researchers also revealed pathogenic gut microbiota from the gastrointes-
tinal tract of Rohu like - Vibrio, faecal Streptococci, total coliform, Pseudomonas, Aeromonas 
and Enterobacter(8,11). 
 All types of pathogenic bacteria can be of health concern to human and fish and can 
hamper the progress of aquaculture which can adversely affect the economy of a country. 
Many fishes found to be consolidated with infectious pathogens, can act as vectors of 
fish-borne disease outbreak of human beings(12). To kill or inhibit the growth of 
pathogenic bacteria, antibacterial agents can be used. But the fatality rate in human is 
increasing day by day due to the emergence of microbial resistance to multiple drugs (13). 
Both therapeutic and environmental problems have been addressed in the field of 
aquaculture when antimicrobial agents are discharged into the surrounding water 
during the treatment of bacterial fish diseases(14). 
 In order to investigate the fish gut microbial diversity most previous studies were 
performed by conventional culture-dependent or microscopy methods(15,16). Rapid and 
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accurate identification of pathogenic gut microbiota have always been a challenge. In this 
situation, molecular methods have proven helpful to meet this challenge. Among all 
sequencing platforms, 16S rRNA sequencing technology provides large enough length 
(1500 bp) for informatics purposes and has been used to investigate bacterial phylogeny 
and taxonomy(17). 
 This study was set to identify and characterize the pathogenic gut microbiota of 
indigenous Rohu and exotic Silver carp based on 16S rRNA sequencing. Moreover, 
quantitative enumeration of bacterial density, construction of phylogenetic tree and 
antibiotic susceptibility of the isolated bacteria were performed.  
 
Materials and Methods 
 Three replicates of Rohu (Labeo rohita, Hamilton : Buchanan 1822) and Silver carp 
(Hypophthalmichthys molitrix, Valenciennes 1844) were collected in sterilized plastic bags 
using insulated ice box from 3 different fish markets (Nobabgonj, Palashi and Anando 
bazar) of Dhaka Metropolitan city during April, 2015 to December, 2015. Collected fish 
samples were identified according to Rahman(18). The average length and weight (mean ± 
standard deviation) of Rohu were 32.13 ± 3.75 cm and 429.43 ± 162.72 g, respectively. In 
Silver carp, average length and weight were 39.37 ± 9.69 cm and 758.09 ± 383.36 g, 
respectively. 
 After collection of fish, gut samples were aseptically removed following the method 
of APHA (1998) and separately homogenized with 0.9% sodium chloride solution using 
sterilized homogenizer(19). The homogenates were serially diluted and 100 µl from 10-1, 
10-3 and 10-5 dilution were spread on Luria agar (LA), thiosulphate citrate bile salts 
sucrose (TCBS), Salmonella-Shigella (SS), Aeromonas Agar, Mannitol Salt Agar (MSA) and 
Eosin Methylene Blue (EMB) Agar plates(20). After incubation of these plates at 37°C for 
24 h, total bacterial count (TBC), total Vibrio count (TVC), total Salmonella-Shigella count 
(TSSC), total Aeromonas count (TAC), total Staphylococcal count (TSC) and total coliform 
(TC) count were determined and expressed as colony forming units (cfu/g). 
 After counting, well discrete bacterial colonies of different morphotypes were picked 
and purified by repeated streaking on TCBS, SS, Aeromonas, MSA and EMB agar plates 
followed by incubation at 37°C for 24 hrs. Two hundred sixteen different colonies were 
purified primarily and finally 18 isolated colonies were selected for biochemical assay. 
Pure cultures were preserved in 20% glycerol at –20°C for a couple of months. The 
present study employed E. coli DH5α as a reference strain. 
 For presumptive identification of 18 bacterial isolates, biochemical tests were 
performed according to the protocol of ASM MicrobeLibrary (http://www. 
microbelibrary.org). Results were confirmed through Bergey’s Manual of determinative 
Bacteriology (21) and ABIS online software (http://www.tgw1916.net/bacteria_logare.htm). 
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 Genomic DNA of 10 presumptively identified bacteria were extracted using a 
commercial kit (Maxwell 16 MDx Research Instrument, Promega, USA) based on the 
manufacturer’s instruction. The absorbance of purified DNA by NanoDrop 
spectrophotometer (NanoDrop 2000 UV-Vis spectrophotometer, Thermo Fisher Scientific 
Inc., USA) was checked at 260 nm. 
 Extracted DNA from the isolates was amplified by Polymerase Chain Reaction (PCR) 
of the conserved region of 16S rRNA for further analysis. The sequences of oligonu-
cleotide primers used for amplification of the ribosomal subunit 16S rRNA were as 
follows: 27F 5´- AGA GTT TGA TCM TGG CTC AG -3´ and 1492R 5´- CGG TTA CCT 
TGT TAC GAC TT -3´, with approximately 1500 bp. Reactions of the amplification were 
conducted in a reaction volume of 25 µl containing 12.5 µl of Hot Start Colorless Master 
Mix, 1 µl of DNA template, 9.5 µl of Nuclease-free water, 1 µl of forward and reverse 
primer. PCR amplification was done in an oil-free thermal cycler (Applied Biosystems 
2720 Thermal Cycler). The program initially consisted of the following steps: 95°C for 5 
min for denaturation, then 32 cycles at 95°C for 30 s, 48°C for 30 s and 72°C for 1 min 30 
sec, followed by an extension step at 72°C for 5 min. Successful amplification of the 
desired sequences was visualized by resolving the PCR products in 1% agarose gel (w/v) 
at 100 volts for 60 mins and stained with 2 µl of ethidium bromide (H5041, Promega, 
USA). 1kb DNA ladder (Promega, USA) was also electrophoresed along the side of the 
amplified sample DNA, which served as a reference for the determination of the 
molecular weights of the fragments obtained in the PCRs. DNA bands were observed 
and photographed by AlphaImager MINI Gel documentation system (ProteinSimple, 
USA). 
 Amplified DNA was further purified with the Wizard PCR SV Gel and PCR Clean-
Up System kit (Promega, USA) according to the manufacturer’s instruction prior to 
sequencing. Sequencing of PCR products was performed using BigDye Terminator v 3.1 
Cycle Sequencing Kit (Applied Biosystems, USA) according to manufacturer’s instruction 
and capillary electrophoresis was done using ABI Genetic Analyzer (Applied Biosystems, 
USA). 
 To view DNA sequence Geospiza’s Finch TV version 1.4 was used. BLAST (Basic 
Local Alignment Search Tool) was used for comparing primary sequence information. 
CLUSTALW was used for multiple sequence alignment (MSA). This helps to find 
similarity, dissimilarity or identity between different sequences. MEGA v 6.0 was used 
for the comparative analysis of molecular sequence data for reconstructing the 
evolutionary histories of species and inferring the nature and extent of selective forces 
shaping the evolution of genes and species. 
 Kirby-Bauer disc diffusion technique was performed to determine the sensitivity or 
resistance of pathogenic bacteria to 14 antibacterial compounds (list of 14 antibiotic disks 
is given in Table 6). Eighteen presumptively identified isolates were inoculated on LB 
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broth and inoculated for 16 hours. The bacterial suspension was then inoculated onto the 
surface of the Mueller-Hinton agar (HIMEDIA, M173-500G, India) using sterile cotton 
swabs, which were then left to dry for several minutes. The antibiotic discs (Oxoid, USA) 
were applied on the surface of the agar plate and incubated for 24 hrs at 37°C. Finally, the 
zone of inhibition was measured and compared with the reference data of antibiogram 
pattern to know the susceptibility of the bacteria (22). 
 The Statistical Package for the Social Sciences (SPSS) v. 20.0 for windows (SPSS, SAS 
Institute Inc. Cary, USA) was used for statistical analysis. One way ANOVA was 
subjected using 5% level of significance. 
 The reported sequences in this study have been submitted to GENBANK database 
under accession numbers KU992678-KU992687. 
 
Results and Discussion 
 Results of the quantitative estimation of total bacteria, total Vibrio, total Salmonella- 
Shigella, total Aeromonas, total Staphylococcal and total coliform in Rohu and Silver carp 
intestine are demonstrated in Table 1. The total bacterial density of Rohu samples was 
5.27 ± 2.01× 107 cfu/g and in Silver carp the density was 3.02 ± 1.42 × 107 cfu/g. The total 
bacterial density of Rohu was significantly higher than Silver carp at 5% level. 
 

Table 1. Bacterial density, mean ± SD (cfu/g) in the gut of Rohu and Silver carp measured on LA, 
TCBS, SS, Aeromonas agar, MSA and EMB agar media. Different letters represent 
significant differences between Rohu and Silver carp in total bacterial count, total 
Salmonella- Shigella count, total Staphylococcal count (p < 0.05). 

 
Bacterial density  
(cfu/g) 

Sample name 
Rohu Silver carp  

Total bacterial count 5.27 ± 2.01 × 107a 3.02 ± 1.42 × 107b 
Total Vibrio count 1.58 ± 3.51 × 106 2.38 ± 3.63 × 103 
Total Salmonella- Shigella count 6.94 ± 7.15 × 106a 1.11 ± 0.97 × 106b 
Total Aeromonas count 1.31 ± 1.06 × 107 6.09 ± 4.61 × 106 
Total Staphylococcal count 1.03 ± 0.52 × 107a 5.48 ± 3.98 × 106b 
Total coliform count 1.68 ± 0.98 × 107 1.39 ± 2.35 × 107 

 

 Total Salmonella-Shigella was 6.94 ± 7.15 × 106 cfu/g in Rohu and in Silver carp it was 
1.11 ± 0.97 × 106 cfu/g. Statistically significant (p < 0.05) higher population level of TSSC 
was found in Rohu compared to Silver carp. 
 In Rohu, the total Staphylococcal count was 1.03 ± 0.52 × 107 cfu/g. However, for 
Silver carp, the total Staphylococcal count was 5.48 ± 3.98 × 106 cfu/g. Significant 
difference (p < 0.05) was found on total Staphylococcal count between these two species. 
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 No significant difference was found between Rohu and Silver carp in case of total 
Vibrio, total Aeromonas and total coliform count.  
 The normal bacterial load of the intestine of fish can range between 103 to 109 cfu/g (23). 
This supports the present study. The guideline of ICMSF (1986) acceptable limit of the 
total bacterial count for white fish is 5 × 105 cfu/g, for total Vibrio count it is 0 cfu/g, for 
Salmonella spp. 0 cfu/g, Shigella spp. 1× 102 cfu/g, for Staphylococcus spp. >103 cfu/g and for 
total coliform count in raw fish it is 100 cfu/g and for E. coli 0 cfu/g (24). In this study, TBC, 
TVC, TSSC, TSC and TCC of Rohu and Silver carp exceeded the acceptable limit of 
ICMSF (1986). This result implies that microbiota harbored in gastrointestinal tract of fish 
may be related to aqueous environment, feeding habit, sediment and host (25, 26). Besides, 
bad handling, storage condition, hygiene and sanitary maintenance of the local markets 
are also responsible for these high values. 
 Table 2 illustrates the presumptively identified bacterial isolates of Rohu and Silver 
carp through biochemical tests. Out of 18 isolates, 3 were gram-positive and the 
remaining 15 were gram-negative bacteria. In the present study, 7 different genera 
(Vibrio, Aeromonas, Proteus, Pseudomonas, Staphylococcus, Enterobacter, Klebsiella sp.) from 
Rohu and 7 different genera (Vibrio, Salmonella, Aeromonas, Pseudomonas, Staphylococcus, 
Escherichia, Klebsiella sp.) from Silver carp were provisionally identified by biochemical 
assay. 
 
Table 2. Presumptively identified bacterial isolates of Rohu and Silver carp  
      through Biochemical tests (9 from each species of fish). 
 

Identified bacterial sp. of Rohu Identified bacterial sp. of Silver carp 
Vibrio metschnikovil Vibrio furnissii 
Aeromonas sp. Salmonella sp. 
Proteus mirabilis Aeromonas sp. 
Pseudomonas citronellolis Pseudomonas graminis 
Aeromonas salmonicida Aeromonas salmonicida 
Staphylococcus caprae Staphylococcus aureus 
Pseudomonas sp. Staphylococcus carnosus 
Enterobacter nimipressuralis Escherichia coli 
Klebsiella oxytoca Klebsiella pneumoniae 

 

 Amplification of 16S rRNA gene of 10 isolates was carried out using universal primer 
pair 27F and 1492R(27). PCR products of 10 different isolates analyzed by 1% gel 
electrophoresis revealed a single fragment of 1.5 kb (Fig. 1). Comparison with known 16S 
rRNA sequences in the NCBI GenBank using the BLAST program showed that the 
sequence of all 10 strains were 99% to 100% similar (Table 3).  
 



 
 
Table 3. Similarity percentage with GenBank Accession number of 16S rRNA sequence of 10 identified strains compared to those 

obtained from BLAST search. 
 

 

Isolate 
no. 

 

Source 
 

Closest relative 
(obtained from BLAST search) 

% homology 
with the 
GenBank 
sequence 

GenBank accession 
number of 

corresponding 
sequence 

GeneBank 
accession number 
of isolates under 

present study 
njp1 Rohu Aeromonas hydrophila subsp. dhakensis strain SSE50 100 KF769535 KU992678 
njp2    " Proteus penneri strain wf-3 100 KT029132 KU992679 
njp3    " Pseudomonas plecoglossicida strain Pp20 99 KU321233 KU992680 
njp4    " Aeromonas caviae strain J5 99 KP262417 KU992681 
njp5    " Enterobacter sp. UIWRF1185 99 KR189394 KU992682 
njp6    " Pseudomonas aeruginosa strain R4 99 KU321274 KU992683 
njp7 Silver carp Aeromonas sp. ID1 100 KT695849 KU992684 
njp8    " Citrobacter freundii strain BCD12 99 KT156814 KU992685 
njp9    " Klebsiella pneumoniae subsp. rhinoscleromatis strain 

HE17 
99 LN624806 KU992686 

njp10    " Klebsiella pneumoniae subsp. rhinoscleromatis strain 
HE17 

99 LN624806 KU992687 
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 1341 bp of DNA sequences was further used for multiple sequence alignment. After 
comparing the obtained sequences of 3 Aeromonas sp. (njp1, njp4 and njp7), a total 20 sites 
were found polymorphic (Table 4). The dissimilarity was 1.49% (20/1341=0.0149). njp7 
was isolated from Silver carp whereas, the other 2 (njp1 and njp4) were isolated from 
Rohu samples. 
 
Table 4. List of polymorphic positions and nucleotides of njp1, njp4, njp7. 
 

Isolates no. Dissimilar position and nucleotides 
njp1 154 (G), 553 (G), 915 (T), 922 (A) 
njp4 643 (A) 
njp7 33 (G), 35 (T), 36 (C), 58 (T), 59 (A), 60 (C), 69 (G), 70 (T), 71 

(A), 134 (G), 135 (A), 136 (A), 168 (C), 1213 (C), 1234 (G) 
 

 Similarly, in 2 Pseudomonas sp. (njp3 and njp6) 52 polymorphic positions were found. 
Thus, the variation in the base pair was 3.88% (52/1341=0.0388). Both sequences were 
isolated from Rohu sample.  
 

 
 

Fig. 1. PCR amplification of 1492 bp 16S rRNA gene of 10 different isolates: Lane 1-
10 = S1 to S10 denotes njp1 to njp10 and L denotes DNA ladder, 1kb (Marker). 

 

 Out of 10 sequences, 2 (njp9 and njp10) showed similar identity (Klebsiella pneumoniae 
subsp. rhinoscleromatis). But in multiple sequence alignment (MSA) these 2 (njp9 and 
njp10) were almost similar to each other except in 3 positions (338, 361 and 1038) which 
were polymorphic (Fig. 2). 
 Phylogenetic analysis was made through the construction of a phylogenetic tree (Fig. 
3) based on the partial 16S rDNA gene sequences of the representative 10 isolates using 
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neighbor-joining and BioNJ algorithms. This confirmed the taxonomic position of the 
isolates (njp1 to njp10) and the difference of these bacterial strain sequences with other 
homologous bacterial sequences. Twenty six nucleotide sequences (10 experimented 
sequences with 16 downloaded sequences from NCBI GenBank) were used for the 
construction of the phylogenetic tree that supported the findings of multiple sequence 
alignment. 
 

   
 

Fig. 2. Multiple sequence alignment of 16S rRNA gene fragments of the closely related group njp9 
and njp10 where black boxes among the red indicates polymorphic sites. (CLUSTALW, 
alignment width 120). 

 

 Isolates njp1 and njp4 were found to be closely related to njp7 which supports their 
similarity with Aeromonas hydrophila subsp. dhakensis strain SSE50, Aeromonas caviae strain 
J5 and Aeromonas sp. ID1, respectively.  
 Two isolates (njp1 and njp4) of Rohu showed 100% similarity to Aeromonas hydrophila 
and Aeromonas caviae, respectively; and one isolate (njp7) of Silver carp showed 99% 
similarity to Aeromonas sp. Aeromonas sp. is Gram-negative, motile and have been 
ubiquitously found from freshwater, fish and shellfish and also from meats and fresh 
vegetables(28). Some researchers confirmed the presence of Aeromonas sp. in the gut of 
Rohu and Silver carp(10,11). Different enzymes like- protease, amylase are produced by 
Aeromonas sp.(29) The presence of Aeromonas spp. could be the cause of different life 
threatening illness like liver cirrhosis, eye infection, fatal  septicemia to human being(30,31). 
Besides human being, fishes are also inflicted by different diseases like- hemorrhagic 
disease, ulcerative disease, furunculosis and septicemia because of the presence of 
Aeromonas spp. in water body(32). 

 It is clear from the phylogenetic tree (Fig. 3) that njp9, njp10 are closely related to 
Klebsiella pneumoniae subsp. rhinoscleromatis strain HE17 and Klebsiella sp. KB 52. Klebsiella 
pneumoniae subsp. rhinoscleromatis (njp9 and njp10) was identified only in the gut sample 
of Silver carp. These two strains showed 99% similarity to the partial sequence of the 16S 
rRNA region of Klebsiella pneumoniae subsp. rhinoscleromatis.  
 The phylogenetic tree also confirmed the taxonomic position of njp3 and njp6 in                                                                                                                                        
the genus Pseudomonas supporting their similarity with Pseudomonas plecoglossicida strain 
Pp20 and Pseudomonas aeruginosa strain R4, respectively. 
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 Klebsiella pneumoniae subsp. rhinoscleromatis HE17 LN624806.2

 Klebsiella sp. KB52 KM233642.1

 njp9

 njp10

 njp8

 Citrobacter freundii BCD12  KT156814.1

 Citrobacter freundii XW722 EU545403.1

 njp5

 Enterobacter sp. UIWRF1185 KR189394.1

 njp2

 Proteus penneri wf-3 KT029132.1

 Proteus vulgaris KL22 KP313869.1

 Aeromonas sp. ID1 KT695849.1

 Aeromonadaceae bacterium BFE9B KM187102.1

 njp7

 A. hydrophila subsp. dhakensis SSE50 KF769535.1

 Aeromonas enteropelogenes AB25 JX188075.1

 njp1

 Aeromonas caviae J5 KP262417.1

 njp4

 A. caviae J3 KP262415.1

 njp6

 Pseudomonas aeruginosa R4 KU321274.1

 njp3

 Pseudomonas plecoglossicida Pp20 KU321233.1

 Pseudomonas putida Y-4 KT273281.1

100

100

100

100

100

46

91

56

100

100

97

100 97

100

0.02  
 

Fig. 3. The neighbor-joining (NJ) phylogenetic tree based on partial 16S rRNA gene sequences 
conducted using MEGA v.6. The evolutionary distances were compared by Maximum 
Likelihood method, bootstrap 1000 replicates. Green circles indicate position of the studied 
strains. 

 

 Pseudomonas plecoglossicida and Pseudomonas aeruginosa were identified by 16S rRNA 
sequencing from Rohu samples only. These are gram-negative, motile and oxidase-
positive(33). Some scientists established the occurrence of Pseudomonas sp. in the digestive 
tract of Rohu(34,35). Pseudomonas aeruginosa has some infectious activity in the human body 
such as- bacteraemia in burn victims, urinary tract infections in catheterized patients and 
hospital-acquired pneumonia in patients on respirators(36). Protease and lipase enzyme 
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can be produced by Pseudomonas sp. to degrade protein and lipid(29). Biofilm formation of 
Pseudomonas sp. potentially reflects their pathogenicity(37). 
 The tree also supports the taxonomic position of njp2, njp5 and njp8 as the genus 
Proteus, Enterobacter and Citrobacter are found similar to Proteus penneri strain wf-3, 
Enterobacter sp. UIWRF1185 and Citrobacter freundii strain BCD12, respectively. Identified 
Proteus penneri is a Gram-negative bacteria(38). Several investigations reported their 
inhabitance in Rohu(35,39). 
 Enterobacter sp. and Proteus penneri were isolated previously from Rohu(35,40). Their 
presence in fish gut may possibly correlate with its feeding habit. 
 Other species, like Citrobacter freundii was identified from Silver carp. Citrobacter is 
also a cellulose degrading bacteria(5). The common distribution of Citrobacter strains is the 
human and animal intestine, soil, water, sewage, food and fish gut(41). 
 Identification was performed considering all morphological, biochemical and 
molecular characters of the isolated organisms. Out of 18 provisionally identified sp. 10 
isolates were further used for molecular identification. Among 10 identified species, 6 
species were found to be similar up to the genus level both in provisional and molecular 
identification (Table 5). Among 6 identified species 4 bacterial species were isolated from 
Rohu sample and 2 from Silver carp.  
 
Table 5. List of identified species by provisional and molecular method (bold letters illustrate 

similar identification up to genus using both biochemical and molecular methods). 
 

Isolate  
no. 

Identified sp. by provisional 
method  

Identified sp. by molecular  
method  

njp1 Vibrio metschnikovil Aeromonas hydrophila subsp. dhakensis 
njp2 Proteus mirabilis Proteus penneri  
njp3 Pseudomonas citronellolis Pseudomonas plecoglossicida 
njp4 Staphylococcus caprae Aeromonas caviae  

njp5 Enterobacter nimipressuralis Enterobacter sp.  
njp6 Pseudomonas sp. Pseudomonas aeruginosa 
njp7 Aeromonas sp. Aeromonas sp. 
njp8 Pseudomonas graminis Citrobacter freundii 
njp9 Staphylococcus aureus Klebsiella pneumoniae subsp. rhinoscleromatis 
njp10 Klebsiella pneumonia Klebsiella pneumoniae subsp. rhinoscleromatis 

 

 The percentages of antibiotic susceptibility of the isolates to different antibiotics are 
summarized in Table 6. All isolates of Rohu and Silver carp including reference strain 
were resistant to sulphamethoxazole whereas they were sensitive to ciprofloxacin. 
Around 89% isolates of Rohu and all isolated strains of Silver carp were resistant to 
ampicillin and amoxycillin. 
 



 
 
Table 6. Percentage of antibiotic susceptibility for 18 isolates against 14 antibiotics where R, I, S denotes Resistant, 

Intermediate and Sensitive. 
 

 
Name of Antibiotics 

Isolates of Labeo rohita 
(N = 9) 

Isolates of Hypophthalmichthys molitrix 
(N = 9) 

R (%) I (%) S (%) R (%) I (%) S (%) 
Amikacin (30 µg) 1 (11.11) 1 (11.11) 7 (77.78) 1 (11.11) 1 (11.11) 7 (77.78) 
Nitrofurantoin (300 µg) 4 (44.44) 1 (11.11) 4 (44.44) 2 (22.22) 3 (33.33) 4 (44.44) 
Gentamicin (10 µg) 0 (0) 2 (22.22) 7 (77.78) 0 (0) 2 (22.22) 7 (77.78) 
Erythromycin (15 µg) 0 (0) 2 (22.22) 7 (77.78) 9 (100) 0 (0) 0 (0) 
Tetracycline (30 µg) 1 (11.11) 1 (11.11) 7 (77.78) 2 (22.22) 2 (22.22) 5 (55.56) 
Ampicillin (10 µg) 8 (88.89) 0 (0) 1 (11.11) 9 (100) 0 (0) 0 (0) 
Polymixin B (300 unit) 6 (66.67) 0 (0) 3 (33.33) 9 (100) 0 (0) 0 (0) 
Chloramphenicol (30 µg) 2 (22.22) 2 (22.22) 5 (55.56) 2 (22.22) 1 (11.11) 6 (66.67) 
Sulphamethoxazole (25 µg) 9 (100) 0 (0) 0 (0) 9 (100) 0 (0) 0 (0) 
Streptomycin (10 µg) 1 (11.11) 8 (88.89) 0 (0) 4 (44.44) 4 (44.44) 1 (11.11) 
Amoxycillin (10 µg) 8 (88.88) 0 (0) 1 (11.11) 9 (100) 0 (0) 0 (0) 
Kanamycin (30 µg) 1 (11.11) 5 (55.56) 3 (33.33) 2 (22.22) 4 (44.44) 3 (33.33) 
Ciprofloxacin (5 µg) 0 (0) 0 (0) 9 (100) 0 (0) 0 (0) 9 (100) 
Nalidixic acid (30 µg) 2 (22.22) 0 (0) 7 (77.78) 1 (11.11) 0 (0) 8 (88.89) 
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 In Bangladesh, oxytetracycline, amoxyciline, sulphamethoxazole, erythromycin are 
most commonly used antibiotics in aquaculture(42). In this study, all 18 presumptively 
identified isolates exhibited multiple antibiotic resistance against 14 different antibiotics 
where all 18 isolates of Rohu and Silver carp including reference strain were resistant to 
sulphamethoxazole and sensitive to ciprofloxacin. Besides, around 89% bacterial isolates 
of Rohu revealed resistance to amoxyciline whereas all bacterial isolates of Silver carp 
were resistant to amoxyciline and erythromycin. So for controlling pathogenic gut 
microbiota ciprofloxacin (5 µg) could be recommended. 
 Excessive antibiotics could remain in the sediment and alter the composition of 
microflora of the sediment(43). The indiscriminate use of antibacterial agents in aqua-
culture promotes pathogenic gut microbiota to develop multiple antibiotic resistance by 
the formation of secondary metabolites or enzymes(44). The studied fishes could act as a 
harbor of multiple antibiotic resistant bacteria(45). 
 In conclusion, this study confirms the existence of pathogenic bacteria in the gut of 
Rohu and Silver carp which is of public health concern. The bacterial load exceeded the 
acceptable limit of ICMSF (1986) due to poor water or feed quality, improper handling, 
unhygienic condition of markets as well as habitat or source from where the fish samples 
were collected. This experiment also suggests the abundance of antibiotic resistant 
pathogenic gastrointestinal bacteria in Rohu and Silver carp. 
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